Statins suppress oxidized low density lipoprotein-induced macrophage proliferation by inactivation of the small G protein-p38 MAPK pathway.
Inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase (statins) ameliorate atherosclerotic diseases. Macrophages play an important role in the development and subsequent stability of atherosclerotic plaques. We reported previously that oxidized low density lipoprotein (Ox-LDL) induced macrophage proliferation through the secretion of granulocyte/macrophage colony-stimulating factor (GM-CSF) and the consequent activation of p38 MAPK. The present study was designed to elucidate the mechanism of the inhibitory effect of statins on macrophage proliferation. Mouse peritoneal macrophages were used in our study. Cerivastatin and simvastatin each inhibited Ox-LDL-induced [(3)H]thymidine incorporation into macrophages. Statins did not inhibit Ox-LDL-induced GM-CSF production, but inhibited GM-CSF-induced p38 MAPK activation. Farnesyl transferase inhibitor and geranylgeranyl transferase inhibitor inhibited GM-CSF-induced macrophage proliferation, and farnesyl pyrophosphate and geranylgeranyl pyrophosphate prevented the effect of statins. GM-CSF-induced p38 MAPK phosphorylation was also inhibited by farnesyl transferase inhibitor or geranylgeranyl transferase inhibitor, and farnesyl pyrophosphate and geranylgeranyl pyrophosphate prevented the suppression of GM-CSF-induced p38 MAPK phosphorylation by statins. Furthermore, we found that statin significantly inhibited the membrane translocation of the small G protein family members Ras and Rho. GM-CSF-induced p38 MAPK activation and macrophage proliferation was partially inhibited by overexpression of dominant negative Ras and completely by that of RhoA. In conclusion, statins inhibited GM-CSF-induced Ras- or RhoA-p38 MAPK signal cascades, thereby suppressing Ox-LDL-induced macrophage proliferation. The significant inhibition of macrophage proliferation by statins may also explain, at least in part, their anti-atherogenic action.